In this study, analysis of variance (ANOVA), cluster analysis (CA) and principal component analysis (PCA) were employed in order to evaluate the concentration profile of organic contaminants found in three main river from central Transylvania, Romania. Samples were collected from nine sampling stations, in two different sampling campaigns (wet season and dry season). Water samples were extracted using solid-phase extraction and analyzed using gas chromatography coupled with mass spectrometry (GC/MS). Twelve organic pollutants belonging to different classes were used for further interpretations. ANOVA highlighted compounds which distinguished Olt River from Mures River, and compounds that are influenced by increased river flow from the wet season. CA was applied to group the sampling stations. Three clusters were obtained, according to their organic load. PCA extracted five principal components explaining 87.330% from data set variability. Based on these results, a future monitoring study may be optimized by reducing the sampling points and compounds to those that are representative for each river, thereby reducing costs, without any information loss.
INTRODUCTION
Surface water pollution is an important issue of the natural environment that our society needs to manage nowadays. The main sources of water pollution are represented by anthropogenic activities (industrial, agricultural or domestic) or natural processes (precipitation, erosion or weathering of crustal materials); all these contribute to the change of water natural status, by direct discharges into the fresh water of synthetic contaminants. Rivers play a major role in translocation of municipal, industrial wastewater and agricultural run-off. Municipal and industrial wastewater discharges constitute constant pollution sources, whereas surface runoff might be seasonal phenomenon, largely affected by the weathering process. Seasonal variations in precipitations, surface runoff, interflow and groundwater flow and pumped in/out flows have a strong effect on river discharge and, subsequently, on the concentration of pollutants in river water.
Some of these pollutants are highly toxic for aquatic organisms and human health, even if they are at trace level concentration (ng L À1 or μg L À1 ). These compounds require monitoring studies to evaluate their chronic impact. It is mandatory to prevent and control river pollution and to have reliable information on water quality for effective management plans. The monitoring programs include frequent water sampling at various sites, followed by determination of the parameter values that are usually characterized by high variability. Consequently, monitoring studies generate a large and complex database of results that are difficult to interpret. To explore the information included in this environmental data, different chemometric methods can be applied. These techniques allow interpretation of the obtained analytical data, while reducing the number of data dimensions without losing important information.
Analytical chemistry provides highly sensitive and selective methods that are very useful tools, demonstrated by the large number of published papers reported in the literature (Loos et al. ; Rodil et al. ; Varga et al. ) .The organic pollutants analysis is generally based on two steps: the first step consists of analytes isolation and concentration from water samples, and the second step implies an analytical technique in order to separate and quantify the compounds. The most common extraction techniques are: liquid-liquid extraction, solid-phase extraction (SPE), solid-phase microextraction, single-drop microextraction or stir-bar sorptive extraction coupled with various analytical techniques such as gas chromatography (GC) or liquid chromatography with different detector types (Petrovic et al. ; Diodiu et al. ; Farre et al. ; Kouzayha et al. ) . Generally, for monitoring studies, the extraction methods employed are as general as possible, in order to allow isolation and identification of a large number of compounds (Gómez et al. ; Loos et al. ; Marti et al. ; Portolés et al. ) .
The most important European regulation regarding the water quality is the European Water Framework Directive 2000/60/EC (WFD) (European Commission ). Being an EU member state, Romania needs to adopt this Directive and start to implement river basin management plans. The most important objectives of directive are 'to achieve good ecological and chemical status, to protect human health, water supply, natural ecosystems and biodiversity'. Thus, to accomplish this demand an overview of the problem needs to be made and river-specific pollutants and its sources must be identified.
A recent trend in water quality data interpretation is to use chemometric approach, such as cluster analysis (CA) and principal component analysis (PCA). This approach may be very useful for interpreting and establishing correlations for a large number of sampling points and different chemical properties or compounds (Iscen et The results of these studies highlighted the main pollution sources of each river, or managed to characterize the ecological status of the water body. CA was used for interpretation of the spring water collected from Swietokrzyski National Park, in Poland, that proved to be very useful for finding homogeneity groups among data obtained from chemical analysis (Michalik ) .
However, chemometric methods have not been widely used for interpreting organic pollutants data. Few studies reported the use of chemometric techniques to assess the distribution of human pharmaceutical in surface water (Al-Odaini et al. ). As far as the authors know, in our country there are no studies reporting the association between highly sensitive analytical techniques, such as GC/MS and chemometric tools, for assessment the river water quality, concerning the organic pollution. The aims of this work are to apply chemometric techniques in order to evaluate the effect of seasonal variation upon organic compounds concentrations and to extract those parameters that are most representative for each river basin. A future monitoring river plan can be optimized based on obtained results. Furthermore, the identification of the main components can be useful for finding the best removal methods, in order to eliminate or to decrease the pollutants' negative impact upon aquatic life and human health.
MATERIALS AND METHODS

Study area and sample collection
The study was focused on the river from central part of Transylvania, Romania. The main rivers subjected to this screening study were Olt, Cibin (tributary of Olt) and Mures. Olt is one of the most important rivers in our country, having 615 km length and catchment area of 24,050 km 2 , crossing countries like, Harghita, Covasna, Brasov, Sibiu, Valcea and Olt. It flows into the Danube River at Turnu Magurele. One of its main right tributary is the Cibin River, which crosses the Sibiu city, having a total length of 82 km. Another important river in Transylvania is Mures, having a total length of 761 km with a river basin of 28,310 km 2 . It crosses important cities like Targu-Mures, Alba-Iulia, Deva and Arad. It flows into the Tisza River at Szeged, Hungary.
Two sampling campaigns were performed in two different seasons, July (dry seasond) and October (wet seasonw), respectively. Nine key points were set for sampling along three rivers, as follows: two points on Cibin River, (Cristian and downstream Sibiu), three points on Olt River, (Bradu, Fagaras and Voila-downstream Fagaras) and four points on Mures River (Targu-Mures, Cipau-downstream Targu-Mures, Cuci and Ludus). The map with sampling sites is presented in Figure 1 .
The acronyms used for all sampling sites, from both seasons, are summarized in Table 1 .
For a good preservation, the samples were collected in dark brown bottles and 1 mL of HCl 2 N were added to each sample after sampling. The method used for sampling was the grab technique. The collected samples (1 L) were stored in the dark, transported to the laboratory within 48 h and subjected to the filtration, extraction and analysis as soon as possible.
Chemicals and reagents
The mobile phase filtration apparatus and the SPE workstation were purchased from Supelco, USA. The used reagents were: acetonitrile, dichloromethane and water (Merck, Germany), isooctane (J. T. Baker, The Netherlands) and PCB-30 (Fluka, Germany). The Oasis HLB cartridges used for SPE extraction were purchased from Waters, USA. For samples concentration a rotary evaporator RVO 400 was used, from Ingos, Czech Republic. Analyses were performed using a gas chromatograph coupled with a mass spectrometer as a detector from Thermo Scientific, USA.
Sample extraction and analysis
Five hundred milliliters of water samples were filtered with a vacuum system using Teflon filters with 47 mm diameter. Samples were extracted using SPE using OASIS HLB cartridges. Briefly, cartridges were conditioned with 3 mL dichloromethane, 3 mL acetonitrile and 3 mL high performance liquid chromatography (HPLC) water. Samples were passed about 2 mL min À1 flow rate under vacuum. The impurities were removed within the washing step, with 3 ml H 2 O HPLC grade. The cartridges were left to dry at vacuum for 50 min. Finally, the elution was made with 3 mL of dichloromethane and 3 mL mixture of dichloromethane and acetonitrile (1:1, v/v). The eluents were Samples were analyzed using a GC/MS method adapted from another reported paper (Moldovan ) . For quantitative evaluation, the internal standard method was used (internal standard used was PCB-30, 1,000 ng L À1 in heptane). The GC/MS analysis was carried out by operating in electron ionization (EI) mode at 70 eV. The source temperature and the injector temperature were set at 250 W C. A capillary column DB-5MS of 30 m × 0.25 mm i.d. was used and the MS transfer line was at 300 W C. The temperature program was as follows: initial temperature 90 W C for 1 min, increased with 10 W C min À1 up to 120 W C, increased with 3.5 W C min À1 up to 190 W C and increased again with 4 W C min À1 until 300 W C and maintained here for 8 min. These three temperature gradients are necessary for a good separation of compounds and for coelutions elimination. Helium was the carrier gas at 1.5 mL min À1 flow. The qualitative analysis was made by comparing the obtained mass spectra with those from the NIST library and with mass spectra found in the studied literature. The quantitative evaluation was established based on internal standard area and every compound was correlated to this area. The acronyms used for statistical interpretation corresponding to the sampling stations and organic pollutants are presented in Table 2 .
Chemometric interpretation
All statistical modeling was carried out using IBM SPSS Statistics 20 software. For examining the range of analyzed organic compounds, some descriptive statistics were employed (mean, maximum, minimum, and standard deviation). ANOVAanalysis of variance (comparison between groups)is a statistical method which was used for revealing the differences between two or more means from distinct groups. The first comparison was made between two groups, namely the wet and the dry seasons, respectively, and the second comparison was made between three groups represented by each investigated river basin. Pearson correlation was used for revealing the relationship and interdependency between analyzed organic compounds. Positive correlations means that the two variables increase or decrease together, meanwhile negative correlation means that one variable decreases while the other one increases (Gazzaz et al. ) .
CA is a common method used for grouping variables or objects into clusters, based on similarity within a class and dissimilarity between different classes, after a predetermined criterion. CA analysis was applied to detect multivariate similarities between sampling sites in different sampling points for different sampling periods. Euclidean distance (similarity measure) was used to compute the distance and the applied clustering procedure was the Ward's Method (Salah et al. ) .
PCA is another powerful technique used for dimension reduction, which provides information on the most representative parameter, with a minimum loss of initial information. PCA reduces the contribution of less significant variables and generates a new group of variables known as principal components/ factors (PCs). These PCs are uncorrelated and appear in decreasing order of importance. An important aspect of PCA is the generation of eigenvalues which give a measure of the significance of the components. The components with the highest eigenvalues have the biggest contribution. The best rotation method is widely believed to be Varimax. After Varimax rotation, each original variable tends to be associated with one factor and each factor represents only a small number of variables. Correlation of principal components and original variables is given by loadings. The main purpose of this analysis is to identify possible sources of investigated organic pollutants in river water samples.
RESULTS AND DISCUSSION
The minimum, maximum, mean and the standard deviation were made on concentration obtained in each sampling Table 3 exposed below. The means and standard deviations were low for some pollutants (DTNP, DBNP, TONA and AMI), but other pollutants exhibited large values (BZP, DBP, EHMC, MHJ and GALA). The maximum values were found for benzophenone (BZP). So, the concentrations pattern distribution follows the decreasing order BZP > DBP > EHMC > MHJ > GALA > PRM > TPP > AMI > BHA > TONA > DBNP > DBP. One way ANOVA (at 5% level of significance) was used to highlight the compounds which concentrations were influenced by increased river flow during the wet season. Only two compounds resulted to be influenced by the increased flow from the wet season (p value lower than 0.05), namely MHJ (0.043) and BZP (0.001). ANOVA was applied for finding out the pollutants that can differentiate the three investigated river. DBNP (0.016) and BHA (0.004) presented higher concentrations in the Olt River than in the Mures River. Unfortunately, the Cibin River could not be differentiated by any organic compounds. These comparisons between rivers were made using Tukey post hoc test.
The dendrogram presented in Figure 2 was obtained by using Ward's method of clustering with Euclidean distances as a measure of similarity between clusters. The sampling points were grouped in three statistical clusters. The sampling points belonging to the same cluster had similar characteristics. This means that, for a rapid screening, it is not necessary to analyze all samples from one cluster because only one sample may be representative for the entire cluster. This site represents the reference of the spatial assessment of water quality. Cluster 1 grouped the sampling points CIPw, CUCIw, TGMw, BRDw, FAGw, VOILAw, SIBw and these are the less polluted sites, due to increased river flow from the rainy season. Cluster 2 comprised the most polluted point overall and all were collected in July (the dry season) namely CRSd, SIBd, CUCId, LUDd, TGMd, BRDd. The Cluster 3 grouped VOILAd, CRSw, CIPd, FAGd and LUDw and these corresponds to moderately polluted sites. The most important contribution to this high degree of pollution is represented by direct discharges into fresh river water of domestic wastewaters and by leaching waters from agricultural landfill. Another significant cause for the high degree of pollution is represented by undersize and old municipal wastewater treatment plants of small towns, like Voila (VOILAd) and Fagaras (FAGd). Results obtained from CA analysis evidenced the most polluted sampling points in terms of organic pollutants. The most discriminating pollutants were revealed by applying ANOVA on variable obtained after CA. Only two components were statistically significant, namely BZP ( p ¼ 0.01) and AMI (p ¼ 0.058; even if it is a little over 0.05 it was considered). A future monitoring program might be optimized, based on these results, because samples can be collected only from significant points, thus reducing the time spent with collection and analysis, as well as the costs. Similar results were obtained in previously reported studies by other researchers, when CA was employed for grouping the sampling sites on Potrero de los Funes River, in Argentina (Gónzalez et al. ) . The used procedure generated three groups of sampling points, because the sites belonging to the groups have similar characteristics and natural background sources types.
The PCA was run on dataset which comprises concentrations for each organic pollutant in every sampling point, in both sampling campaigns. The key parameters employed for this analysis were: the extraction method used was principal component and only components with eigenvalues greater than 1 were retained; rotation was made by Varimax method with Kaiser normalization.
The correlation matrix obtained is presented in Table 4 . Values greater than 0.5 represent a statistically significant correlation (p < 0.05) between organic compounds and are shown bold in the table. The positive correlations were observed between DBP, TPP and GALA, DNTP was correlated with DBNP, TPP was correlated with GALA and TONA, GALA with TONA and the last positive correlation appears between PRM and EHMC. No statistically significant negative correlations were observed. These correlations between various analysed organic pollutants might appear due to common sources of pollution. By running PCA on the data set, five principal components were retained encountering a total variance of 87.330% from total variance. The graphical representation of every principal component against its eigenvalues is presented in Figure 3 . From this graphical representation it can be observed that after the fifth component the slope is bigger and the first five components Correlation is significant at the 0.01 level (two-tailed).
Bold values correspond to statistically significant correlations.
have the most significant contribution, namely: PC1 have 28.655%, PC2 has 20.346%, PC3 has 16.007%, PC4 has 12.178% and PC5 has 10.144% from the total variance of dataset.
According to Table 5 , the highest loadings from principal component 1 are given by DBP, TPP, AMI, GALA and TONA. This PC contains the largest number of representative parameters and can indicate the effect of direct discharges of wastewater effluents, mainly from industry or without any preliminary treatment. Principal components 2 and 3 has loadings of DNTP, DBNP, BZP and PRM and EHMC. Nitroaromatic compounds are antioxidant derivatives known to be carcinogenic for aquatic organism and their major uses are oil industry for improving resistance to oxidation process. The main uses of PRM and EHMC are as UV filter in sunscreen products and UV stabilizers for plastic products. This component can be ascribed to point pollution sources represented here by direct input from recreational activities. Principal component 4 has loading in MHJ and BZP and the last principal component 5 has loadings of BHA. MHJ is a fragrance ingredient used in many fragrance mixtures. It may be found in fragrances used in decorative cosmetics, fine fragrances, shampoos, toilet soaps or household cleaners and detergents. The fact that BZP had high loadings in two PCs can suggest that this compound had two different sources of pollution. BHA is a preservative found very often in many food products, in order to prevent the oxidation of fats and oils. It can also be used in rubber, petroleum products and wax food packaging.
In order to find the relations between sampling sites and analyzed compounds, score and loadings plot for the first two principal components extracted were examined.
For classification of water samples and analyzed organic pollutants, score and loadings plots for the first two principal components extracted were examined. The plots are presented in Figures 4 and 5 , respectively. The loading plot indicates the similarities and correlations between compounds. Thus, the compounds with small loadings which appeared near the origin (BHA, EHMC, PRM and MHJ) had only a little influence on data structure, whereas the compounds with high loadings represent those elements with the greatest influence on the grouping and separation of water samples. A close relation was observed between the concentrations of: DBP, TPP, GALA, TONA and AMI (highest loadings of the first PC), and between DNTP, DBNP and BZP (highest loadings of the second PC). When examining the score plot, it can be stated that water samples collected from three distinct rivers are quite similar. The two points from the Olt River, which appear detached from the rest of the samples, correspond to BRDd and FAGd, and presented large values for PC2 (3.072 and 1.847, respectively). Also, one sample from the Mures River, LUDw, presented a large value for PC1 (3.638). These results are in accordance with those obtained from CA, where BRDd appeared in Cluster 2 (highest level of pollution), while FAGd and LUDo are in Cluster 3 
